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Abstract: The Kaliningrad region is known for its specific climate, which can negatively affect the
adaptive potential of the body. This manifests in an increased incidence of respiratory diseases and
skin conditions. To prevent high morbidity, a plant protein product was included in the diet of
first-year university students. This study aimed to assess the effectiveness of this food intervention
in preventing the most common diseases among Kaliningrad students. Two groups of university
students took part in the food trial. In the control group, catabolic processes prevailed in nutrient
metabolism. Disadaptation manifested itself in the metabolism of proteins, vitamins, minerals,
hematopoiesis and humoral immunity. Inflammation was indicated by α1- and α2-globulins, a weak
immune response, and IgM and IgG. High oxidative stress and low antioxidative ability of blood
serum were observed. The plant-based protein product (FP) helped preserve testosterone level
and prevent an increase in catabolic reactions. Moreover, it had a positive effect on both red blood
cell hematopoiesis (a smaller increase in the average volume of erythrocytes, the same average
concentration and content of hemoglobin, an increased relative red cell distribution width (RDW)
and white blood cell hematopoiesis (a beneficial effect for the immune system: lymphocytes, the
relative content of neutrophils, monocytes, basophils and eosinophils). The stimulation of humoral
immunity was evidenced by beta- and gamma-globulins, an active immune response, the level of
IgM and IgG, antioxidant protection, reduction of peroxides and an increase in antioxidant activity
of blood serum. The 34-week observation showed a 1.7-fold decrease in the incidence of respiratory
illnesses and a 5.7-fold decrease in skin and subcutaneous tissue diseases. Acute respiratory infections
were reduced 1.8-fold. There were no cases of community-acquired pneumonia in the treatment
group, compared with 55.1‰ in the control group. The incidence of respiratory diseases was
3.3–10.6 times lower in the treatment group than in the control group in weeks 6–19. The findings
testify to the prophylactic effect of functional food during social adaptation and acclimatization
of students.

Keywords: students; social adaptation; acclimatization; functional food; prevention; respiratory
diseases; immunity; blood test; vitamins; antioxidants

1. Introduction

Based on recent advances in science and technology, modern university education
shows a steady tendency towards an increase in the study load and, consequently, in
a higher level of stress [1–4], considerable disruption of habitual daily routines [5–7],
irregular meals [8–13], decreased motor activity [14–17], weaker physiological functions
of the body and other health risks [18–21]. During the first years after their relocation to
the place of study, students’ health can be affected by many factors, first and foremost by a
much higher study load in university compared with school, a different organization of the
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study process and the need for social and professional adaptation [22–25]. Consequently,
the development and introduction of new methods of preventing diseases and reducing
health risks require further research [26,27]. Upon entering into university, many students
have to move to another region, often with different weather and climate conditions. This
poses a health risk for students who need to adapt to a new type of climate. The climate of
the Kaliningrad region has its specific seasonal variations, which have become substantial
in recent decades [28]. In our previous works, we showed that the climate of the region is
clinically unfavorable, which is evidenced by an increased incidence of respiratory and
skin diseases amongst incoming students. Hence, there is a need for more efficient methods
of disease prevention in this social group [29].

It is now known that the main reason for the growth of chronic non-infectious
diseases—a major cause of morbidity and mortality in many regions of Russia—is the deficit
of macro- and micronutrients in the diet. A poor and unbalanced diet leads to disorders
of the immune system and a decrease in the body’s resilience to negative environmental
factors [30]. For instance, the quarantine imposed during the COVID-19/SARS-CoV-2
pandemic is strongly associated with stress and depression, which lead to unhealthy di-
ets and reduced physical activity. A diet low in fruit and vegetables is common during
self-isolation, resulting in a low intake of antioxidants and vitamins. It is noteworthy that
vitamins have been one of the main “weapons” in the fight against COVID-19/SARS-
CoV-2 [31]. The spread of COVID-19 and its high mortality rate could be related (among
other factors) to an unhealthy lifestyle, which leads to a low-grade inflammation (LGI) that
increases not only the risk of chronic diseases but also the risk of complications relating to
infections and greater susceptibility to infections. Recent research has demonstrated that
the microbiota plays a fundamental role in modulating metabolic responses in the immune
system. There is a correlation between lifestyle, the state of the immune system, and
infections. The immune response is compromised if nutrition is unbalanced or insufficient,
because daily diet affects the intestinal flora and can make individuals more susceptible
to infections. The nutritional state can also be aggravated by the immune response to the
infection [32]. In six countries (France, Germany, Italy, Spain, UK, USA), plant-based diets
or pescatarian diets were associated with lower odds of moderate-to-severe COVID-19.
These dietary patterns may be considered for protection against severe COVID-19 [33].

Since the 1990s, functional foods have become an integral part of the diet in many
countries. Functional foods are known to be highly nutritious and beneficial for physical
and mental health. Functional food products have an increased content of biologically
active ingredients, which can prevent the development of pre-nosological conditions. The
term pre-nosological condition first appeared in the Medical Encyclopaedia in 1978 [34]. It
has been widely used in medicine and physiology ever since. The transition from health
to illness is not instant. There is a spectrum of intermediate conditions between the two
states. Thus, the term pre-nosological conditions refers to a state when regulatory systems
and functions of the body are strained to a greater degree than normal to sustain life [35].

There is an extensive body of literature describing the efficacy of functional foods in
preventing diseases in different risk groups, including students and schoolchildren [36–41].
The term functional food first appeared in Japan, which is the world leader in the development
of food for special health issues (FOSHU) [42].

It has to be noted that there is no universally accepted definition of what functional
food is. Generally speaking, all foods are functional since they are active at a particular
physiological level. The American Dietetic Association (ADA) defined functional food
as “wholesome food and enriched food products having a potentially beneficial effect
on human health when consumed regularly and in the right amounts” [43]. In Russia,
the definition of functional product (FP) is given in the state standard P 52349-2005 and
reads as “a food product designed for systematic use as part of a diet of all age groups
of healthy people; it reduces the risk of diet-related diseases and improves health by
means of physiologically active ingredients used in combination” [44]. The use of FP for
improving the health of different population groups in Russia is regulated by the Decree
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of the Government of the Russian Federation of 25.10.2010 № 1873 “Fundamentals of the
State Policy in the Field of Health Nutrition for the Period up to 2020”. The decree has
separate provisions on the development and production of functional foods [45].

This study aims to analyze the effectiveness of a functional food product enriched
with macro- and micronutrients as a means of restoring the vitamin and mineral bal-
ance of the body thus reducing morbidity among students during their social adaptation
and acclimatization.

2. Materials and Methods
2.1. Preparation of the Functional Food Product

In our study, we used an FP manufactured using cryogenic technology. Freezing
facilitates several processes. Firstly, it enables the cutting of raw materials that cannot
be handled using any other treatment method due to changes in mechanical properties
(embrittlement). Secondly, it allows powdering to a particle size that cannot be obtained
at higher temperatures (fine and extra-fine powdering). Thirdly, it is the preservation of
biologically active elements in the ground product (the ingredients are not heated, and
they are in an inert atmosphere). Fourthly, it allows the prevention of particle aggregation.
This technique makes it possible to increase the bioavailability of active elements to the
body. This is a greener method of production compared with alternative methods that use
chemical processing [46].

Cryogenic technology makes it possible to preserve the outer layer of plant seeds, as
well as to avoid blanching and sulphitization, and perform drying and milling operations
at extremely low temperatures [47,48]. The manufacturing of FP usually involves several
stages. It starts with a primary preparation of fresh raw materials (sorting, washing,
removal of foreign inclusions, etc.). The first production stage is sublimation—the removal
of water content from frozen raw materials at a temperature from −10 ◦C to −30 ◦C. This
allows manufacturers to fully preserve all biologically active elements of plants already at
the stage of drying (moisture removal). The second stage is mechanical crushing, performed
at a temperature of −110 ◦C, which is followed by cryogenic crushing at a temperature of
−196 ◦C to a particle size of 2.5–160 microns.

Raw materials were ground using the Plasma-10NS cryo-grinder in the presence of
liquid nitrogen for one hour. Then, cryopowders were sieved using a vibrating nylon sieve
with a mesh diameter of 0.6 mm and weighed on SVP 50-5 scales with an accuracy of 0.1 g.
Powders were packed in metalized stand-up pouches and plastic bottles with opening
control. Synthetic substances were not used in the manufacturing of the products. The pills
did not contain colorant agents, flavors, preservatives or other chemicals [49]. End products
were finely dispersed cryopowders, with a high content of biologically active elements. The
consumption of one gram of a cryopowder equals the consumption of 700–1000 g of fresh
fruits or vegetables. Drying makes it possible to increase the concentration of biologically
active substance 8.0–12.0-fold by moisture removal (raw materials contain up to 90.0% of
water before drying and 5.0–10.0% after it). Milling prevents raw material oxidation and
releases biologically active elements bound to protein molecules. This way, the elements
are fully absorbed by the human body. Recent studies have shown the benefits of this
technology: during tests described in the literature, the content of carotenoids in wild
ashberry increased 1.84 times; of thiamine, 16.0 times; of vitamin E, 10.0 times. In cranberry,
the content of thiamine rose 11.0 times, and that of riboflavin 12.0 times [46].

The removal of water content from vegetables and fruits significantly increases the
extraction properties of FPs and the degree of their assimilation [50,51].

2.2. The Composition of the Functional Product

Many types of functional food have a high vitamin and mineral content. Vitamin
deficiency negatively affects human health, reduces performance and weakens resistance
to infectious diseases and changes in the environment. Prolonged vitamin deficiency in
adolescence adversely affects overall physical condition and stamina and leads to metabolic
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disorders and chronic diseases. The most common vitamin deficiency is that of vitamins A,
B1, B2 [52].

Minerals are inorganic components of food, which are important for maintaining
health. Their deficiency or excess may lead to serious consequences. The most important
mineral macronutrients are calcium, phosphorus, sodium, potassium and magnesium, and
the most essential microelements are iron, iodine, zinc, copper, and fluoride. In adolescents,
calcium, iron and zinc are an integral part of their daily diet for their healthy physical
development. The main natural sources of vitamins and minerals are vegetables, fruits
and berries [52].

The composition of a functional food product can affect the morpho-functional condi-
tion of humans by restoring the vitamin and mineral balance. Here, it is essential to consider
what doses of vitamins and minerals per kg of body weight stimulate the metabolic pro-
cesses, reduce adaptation stress and increase nonspecific resistance [53]. Based on the
above, an FP was selected as a food intervention to redress the vitamin and mineral imbal-
ance in students. The FP had a high vitamin (A, B1, B2, E, K1, C) and mineral content (Cu,
Zn, Fe, Mn, Cr) and was designed to have a beneficial effect on the immune system.

Vitamin A is a potent antioxidant; it is involved in the completion of phase III and
IV of phagocytosis and increases the synthesis of IgE and IgG. It stimulates the formation
of T-killers in stem lymphocytic cells and Th2-helpers by increasing the production of
IL-4 and IL-5. Vitamin A deficiency leads to a decrease in the level of B-lymphocytes and
T-helpers. Vitamin A is involved in redox reactions and protein synthesis, promotes normal
metabolism, improves the function of the cell and subcellular membranes and plays an
important role in the formation of bones and teeth. It is essential for the growth of new
cells and slows down aging. Vitamin E is involved in the production of cytokines. It
suppresses the generation of antigen-specific and antigen-specific suppressors and thus
stimulates cellular and humoral immune responses. It has a positive effect on the function
of macrophages, and it is a strong antioxidant. Vitamin B2 is a cofactor in the activity
of glutathione reductase in erythrocytes and leukocytes. Riboflavin is essential for the
formation of red blood cells and antibodies, for cell respiration and growth. It facilitates
the absorption of oxygen by the cells of the skin, nails and hair [54].

Copper increases the activity of macrophages. With a deficiency, there is a decrease
in CD4 (T-helpers) and suppression of the functional activity of T- and B-lymphocytes. It
participates in enzymatic catalysis (biocatalysis) and electron transfer and interacts with
iron. Copper deficiency leads to leukopenia and neutropenia. Copper has a pronounced
anti-inflammatory property and mitigates the manifestation of autoimmune diseases. Iron
is part of transferrin, which is a lymphocyte activator. It has been established that low iron
content in the body weakens the function of the immune system such that the saturation
of tissues with granulocytes and macrophages decreases. Phagocytosis, the response of
lymphocytes to stimulation with antigens, and the formation of antibodies are inhibited. A
decrease in the level of iron in the body causes a sharp inhibition of the cytotoxic function of
killer cells, and, along with this, the production of interferon by macrophages decreases [55].

Phosphorus has a crucial role in the acid-base equilibrium of blood. As part of many
organic compounds, it is involved in metabolism. Phosphorous deficiency is associated
with general and calcium metabolism disorders, rickets and osteomalacia. Magnesium
participates in bone tissue and tooth development, neuromuscular conduction, and ATP-
dependent and kinase reactions. It is a coenzyme in carbohydrate and protein metabolism
and an essential component of intracellular fluid. Magnesium compounds activate en-
zymes, particularly those taking part in calcium and phosphoric metabolism [54].

The FPs contained the following ingredients: watermelon seeds (13%), oats (8%), rose
hips (20%), spinach (8%), kelp (16%), parsley (15%), celery (10%) and egg white (10%). The
product was used in pill form. The composition of the functional product was determined
based on an assessment of vitamins and minerals used in different proportions. The doses
of vitamins (A, E) and minerals (copper, zinc, iron) were identified by analyzing metabolic
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processes in the body [53]. This FP has been registered and authorized for sale in the
Eurasian Economic Union [56].

2.3. The Selection of Groups of Students and Methods of Blood Sample Analysis

The aim of our study was to evaluate the efficiency of student diet optimization by
adding a functional food product with a high concentration of biologically active elements.
The evaluation of the efficiency of the proposed product was based on the assessment of
the metabolic status and morbidity. We carried out a randomized controlled study into
the impact of the Baltic climate on the health of students. More specifically, the object
of research was the efficiency of a plant-based protein functional product in preventing
common diseases included in the International Classification of Diseases (ICD-10). To do
this, we studied two groups of first-year students who had come to Kaliningrad from
other Russian regions. There were 50 students in each group. All students gave their
informed voluntary consent to participate in the study. Students were randomly assigned
to treatment and control groups. The study was conducted with the permission and under
the supervision of the Ethics Committee of Privolzhsky Medical Research University. All
students were healthy and underwent a medical examination before entering into the trial.
Although the diet of the two groups was balanced and the same (organized catering),
the students’ adaptation to a new social environment and simultaneous acclimatisation
caused an increased uptake of vitamins and minerals, which led to disadaptation changes
in the body [57]. This conclusion led us to optimize the diet by including a functional
product rich in biologically active elements. Compared with the control group, the diet of
the treatment group also included 0.9 g of the functional product (FP) given twice a day
(during breakfast and dinner) for 15 days. The FP was given 4–5 weeks after the arrival of
students in the region.

The concentration of vitamins and minerals in the FP, as well as in blood and blood
serum, was determined by the Research Institute of Hygiene and Occupational Pathology
of Rospotrebnadzor (Nizhny Novgorod). We determined the content of vitamins A (retinol
and carotenoids), E (alpha-tocopherol) and K (K1) in the FP. The content of vitamin A
(retinol) and vitamin E (alpha-tocopherol) was determined in blood serum and that of
vitamin B2 (riboflavin) in whole blood. The content of the decomposition product of
pyruvic acid (PVA) indicates the saturation of the body with vitamin B1 (a higher level is
an indicator of a decrease in the vitamin supply of the body). The concentration of minerals
was measured in blood serum.

Blood samples were taken three times: after a meal including the FP (15 days into the
observation) and after another 30 days (45 days into the observation). Blood samples were
taken from the cubital vein after overnight fasting. Blood was collected with a vacuum
blood collection tube with heparin. Within one hour, samples were delivered to a clinical
laboratory where a general blood test was performed.

Blood serum and whole blood samples were refrigerated and sent to Nizhny Nov-
gorod (the Institute of Hygiene and Occupational Pathology) following the protocols for
the transportation of frozen biomaterials. Samples included total protein and protein
fractions (albumin, α1-, α2-, β- and γ-globulins), hormones (cortisol and testosterone) and
serum immunoglobulins (IgA, IgM, IgG). To assess the state of the antioxidant system, a
quantitative analysis of the oxidative and antioxidant capacity of blood serum was carried
out. The study was done using the ImAnOx (TAS/TAC) Kit and PerOx (TOS/TOC) Kit
from Immundiagnostik. The analysis of the antioxidant capacity was based on the reaction
of antioxidants in the sample with exogenous hydrogen peroxide. The remaining peroxide
was determined photometrically using a microplate reader. Antioxidant capacity was cal-
culated in µmol of peroxide. Low antioxidant capacity was less than 280 µmol/L; medium,
280–320 µmol/L; high, more than 320 µmol/L [58,59].

The assessment of oxidative stress was based on the measurement of peroxide levels
by the reaction of peroxidase with peroxides and photometric determination of the colored
product. The level of oxidative stress was assessed on the basis of the data proposed by
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the manufacturers of the reagent kits (peroxides less than 180 µmol—low oxidative stress,
180–310 µmol/L—medium stress, more than 310 µmol/L—high oxidative stress) [60].

Complete blood count was performed using the Sysmex XS-800 hematology analyzer.
The protein level was determined by the biuret method using the ROKI-6T photometer
and Olvex Diagnosticum reagents [61]. Protein fractions were measured using the UEF-01-
Astra electrophoresis device and KliniTest-EF reagents manufactured by EKO Service. We
used cellulose acetate membranes and a set of sera. The electrophoretogram was scanned
on a densitometer [62,63].

In blood serum, the concentrations of iron, magnesium, potassium, calcium, inor-
ganic phosphorus, sodium and chlorides were determined using Olvex Diagnosticum
reagents. Tests were carried out on the CLIMA MC-15 biochemistry analyzer. The con-
centrations of iron and magnesium were determined by the colorimetric method without
deproteinization using chromogens Nitro-PAPS and xylidyl blue [64,65]. The concentration
of potassium was determined by the nephelometric method without deproteinization
using tetraphenylborate [66]. The level of calcium was determined by means of ortho-
cresolphthalein complexone [67]. Inorganic phosphorus in blood serum was determined by
spectrophotometric method without deproteinization. This method is based on the ability
of phosphates to form a phosphorus–molybdate complex with ammonium molybdate, the
optical density of which is proportional to the concentration of inorganic phosphorus in the
tested sample [68]. The sodium concentration was determined by the colorimetric method,
using a precipitating reagent [69] and the level of chlorides by the colorimetric method
using mercury thiocyanate [70].

The concentration of zinc and copper in blood serum was measured using the
Quantum-II/2 atomic absorption spectrometer. To determine the contents of vitamins A, E
(in blood serum) and B2 (in blood), the bioliquid analyzer Fluorat-02-ABLF-T was used.

The content of vitamin A was determined by measuring the fluorescence of retinol
in a hexane extract of serum previously exposed to water and ethanol. The determined
concentration range was 0.1–1.0 µg/cm3 [71]. Vitamin E was measured by the fluorescence
of alpha-tocopherol in a hexane extract of serum previously exposed to water and ethanol.
The determined concentration range was 2–15 µg/cm3 [71].

The level of vitamin B1 was measured based on the content of the decomposition
product of pyruvic acid. An increase in the content of the decomposition indicates a
decrease in the concentration of this vitamin. The method is based on the reaction of pyruvic
acid with 2,4-diphenylhydrazine resulting in the formation of hydrazine, which acquires
a brownish-red color in an alkaline environment. The intensity of the color is directly
proportional to the concentration of pyruvic acid. The determined content of pyruvic
acid was 2.5–20 µg/cm3 without sample dilution [72]. The determination of vitamin B2
in whole blood was carried out according to the method of performing measurements of
the mass concentration of the vitamin according to Birch, Bessey and Lowry. Determined
concentration range 0.1–1.0 µg/cm3 without sample dilution [73]. The method is based
on the extraction of various forms of riboflavin from the blood by trichloroacetic acid,
followed by acid hydrolysis of flavin adenine dinucleotide and fluorometric determination
of the content of riboflavin.

In the FP, the content of vitamins A, E, B1 and B2 was measured using the same
methods and equipment as in blood. The content of minerals was determined by atomic
absorption spectrometry on the “Kvant-2AT” and “Kvant.Z-ETA”.

To measure hormones in the blood serum, the concentration of cortisol and testos-
terone was determined using an enzyme-linked immunosorbent assay. We used reagent
kits produced by Vector Best and AccuBind ELISA Microwells kit.

The effectiveness of the FP in disease prevention was assessed based on clinical
and laboratory data (indicators of the metabolic status, hematopoietic system, humoral
immunity, antioxidant protection) as well as on the assessment of morbidity from the first
incidence of seeking medical assistance by students of the treatment and control groups
(during thirty-four weeks of observation from day 1 to day 238 (structure (%) and level
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(per 1000 people, ‰) in total and weekly). The morbidity data were obtained from the
medical records of patients receiving outpatient medical treatment (form No. 025/y).

All data were processed using Statistica 6.1 software. The mean values and a standard
error of the mean (M ±m) were determined. For parametric data, Student’s t-test deter-
mined the reliability of differences; in the case of nonparametric data, the Mann–Whitney
and Wilcoxon tests were employed.

3. Results
3.1. Analysis of the Micronutrient Content in the Functional Product

As the laboratory analysis shows, the functional product had a high content of minerals
and vitamins compared to regular food (Table 1).

Table 1. The vitamin and mineral content in the functional product, mg/100 g.

Minerals Vitamins

Cu Zn Fe Мn Cr A E B2 K C

0.58 9.86 71.00 2.85 0.16 0.03 3.69 0.30 0.51 89.91

3.2. Analysis of Blood Samples

Blood tests were performed thrice: before the intake of the functional food (day 21), on
day 15 of the treatment (a day after the last intake, day 37) and on day 45 of the treatment
(day 67). At the end of the observation period, the level of copper in blood samples of
the treatment group was 12.3% (p < 0.05) higher than that of the control group. There
was an increase in the level of iron by 15.2% (p < 0.05 magnesium-by 6.3% (p < 0.05) and
of phosphorus by 16.1% (p < 0.05). At the end of the observation, the level of iron was
20.8% above the initial (p < 0.05), of magnesium 34.2% (p < 0.05) and phosphorus 21.2%
(p < 0.05). In the control group, on the contrary, there was a 22.6% decrease in the level
of magnesium (p < 0.05) and a 10.1% decrease in phosphorus (p < 0.05). In both groups,
calcium, potassium, sodium and chlorine remained within the reference boundaries. Both
groups showed no reliable dynamics in the content of these minerals (p > 0.05) (Table 2).

The intake of the functional product contributed to an increase in the level of vitamins
in blood: the concentration of vitamin A increased by 21.3% (p < 0.05) and vitamin B2 by
13.5% (p < 0.05). At the end of the observation, the content of vitamin A was above the
initial level by 23.6% (p < 0.05), vitamin E by 16.9% (p < 0.05) and vitamin B2 by 28.3%
(p < 0.05). Both groups showed a decrease in the content of vitamin B1, which was more
significant in the control group—17.0% at the end of the observation and 10.7 after 45 days.
In the control group, no significant changes in the concentrations of vitamins A and B2
were registered. The content of vitamin E both by the end of the product intake (p < 0.05)
and by the end of the observation (p < 0.05) was 12.5% below the initial value (Table 3). This
can be attributed to its sufficient quantity in the diet. In the control group, pre-treatment
vitamin E concentration was below the reference boundary in 40.0% of students. After
15 days, this percentage increased to 90.0% (ϕ = 3.567) and remained at this level until the
end of the observation (80.0%, ϕ = 2.672).

At the end of the trial period, the total protein in the blood samples of the treatment
group was significantly higher (5.7%) than that in the control group (p < 0.05). The content
of albumin in the treatment group did not change. In the control group at each stage of ob-
servation, it was above the initial value by 8.2% (p < 0.05) and 11.5% (p < 0.05), respectively.
In the treatment group, a decrease in α-1 globulins was noted—by 12.4% (p < 0.05) and
14.6% (p < 0.05), respectively. In the control group, at the end of the observation period,
there was a 15.5% (p < 0.05) decrease in α-2 globulins. In the treatment group, the figure
did not change significantly. After a meal including the FP, β-globulins increased by 8.0%
(p < 0.05), a change that was not observed in the control group. γ-globulins in the control
group decreased significantly by the end of the trial period by 18.7% (p < 0.05) and by the
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end of the observation period by 19.0% (p < 0.05). In the treatment group, an 8.6% (p < 0.05)
increase in this fraction of globulins was noted after a meal including the FP (Table 4).

In the control group, testosterone had decreased by 29.6% (p < 0.05) by the end of the
food intervention period and by 32.8% (p < 0.05) after another 30 days. In the treatment
group, only at the end of the observation period was there a decrease of 14.3% in the level
of this hormone. However, it was not significant (p > 0.05). Cortisol dynamics in both
groups did not change significantly (Table 5).

Table 2. Body mineral concentrations during the observation period (absolute values).

Parameter
(Reference Values)

Observation Period, М±m

Start
(21 Day)

End
(37 Day)

45 Days Later
(67 Day)

Minerals

Copper, µg/mL
(0.7–1.55):
treatment 0.85 ± 0.03 0.82 ± 0.06 (−3.6%) 0.82 ± 0.03 (−3.6%)

control 0.81 ± 0.09 0.73 ± 0.05 (−9.9%) 0.76 ± 0.04 (−6.2%)

Zinc, µg/mL
(0.5–1.5):
treatment 1.27 ± 0.10 1.20 ± 0.07 (−5.5%) 1.30 ± 0.05 (+2.3%)

control 1.0 ± 0.08 0.97 ± 0.08 (−3.0%) 1.13 ± 0.08 (+13.0%)

Iron, mM/L
(11.6–31.3):
treatment 13.60 ± 0.73 15.67 ± 1.0 (+15.2%) 16.43 ± 1.0 (+20.8%)

control 14.20 ± 1.15 16.84 ± 0.86 (+18.5%) 16.65 ± 0.93 (+17.2%)

Magnesium, mM/L
(0.66–1.07):
treatment 0.63 ± 0.01 0.67 ± 0.01 (+6.3%) 0.85 ± 0.01 (+34.2%)

control 0.99 ± 0.02 0.77 ± 0.01 (−22.6%) 0.86 ± 0.01 (−13.6%)

Phosphorus, mM/L
(0.87–1.45):
treatment 1.12 ± 0.03 1.29 ± 0.03 (+16.1%) 1.35 ± 0.03 (+21.2%)

control 1.26 ± 0.03 1.13 ± 0.03 (−10.1%) 1.30 ± 0.03 (+3.4%)

Calcium, mM/L
(2,15–2,57):
treatment 2.61 ± 0.02 2.59 ± 0.01 (−0.8%) 2.58 ± 0.02 (−1.1%)

control 2.56 ± 0.02 2.51 ± 0.02 (−1.9%) 2.54 ± 0.20 (−0.8%)

Potassium, mM/L
(3,6–5,5):
treatment 5.19 ± 0.12 5.04 ± 0.10 (−2.9%) 5.25 ± 0.11(+1.1%)

control 5.31 ± 0.15 5.10 ± 0.08 (−4.0%) 5.17 ± 0.09 (−2.7%)

Sodium, mM/L
(135–150):
treatment 145.60 ± 2.31 149.60 ± 0.35 (+2.7%) 150.50 ± 0.48 (+3.3%)

control 149.80 ± 0.57 147.60 ± 0.36 (−1.5%) 150.0 ± 0.38 (+0.1%)

Chlorine, mM/L
(97–108):
treatment 100.20 ± 1.11 100.30 ± 0.40 (+0.1%) 104.30 ± 0.40 (+4.1%)

control 102.10 ± 0.47 103.40 ± 0.48 (+1.3%) 102.80 ± 0.41 (−0.9%)
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Table 3. Vitamin concentrations during the observation (absolute values).

Parameter
(Reference Values)

Observation Period, М±m

Start
(21 Day)

End
(37 Day)

45 Days Later
(67 Day)

Vitamins

A, µg/mL (0.3–0.6):
treatment 0.89 ± 0.04 1.08 ± 0.04 (+21.3%) 1.1 ± 0.03 (+23.6%)

control 0.83 ± 0.05 0.91 ± 0.05 (+9.6%) 0.91 ± 0.04 (+9.6%)

E, µg/mL (8–18):
treatment 7.86 ± 0.34 8.7 ± 0.54 (+10.7%) 9.19 ± 0.41 (+16.9%)

control 7.75 ± 0.43 6.78 ± 0.39 (−12.5%) 6.78 ± 0.53 (−12.5%)

B1, µg/mL (7–14):
treatment 21.4 ± 0.9 20.6 ± 1.0 (−3.8%) 20.63 ± 1.0 (−3.6%)

control 19.7 ± 1.3 16.36 ± 0.85 (−17.0%) 17.6 ± 1.0 (−10.7%)

B2, µg/% (10–50):
treatment 6.1 ± 0.03 6.9 ± 0.41 (+13.5%) 7.83 ± 0.2 (+28.3%)

control 5.91 ± 0.4 5.85 ± 0.3 (−0.9%) 6.08 ± 0.3 (+2.8%)

Hemogram analysis showed changes in red and white blood cells and platelets, which
were within the reference values. In both groups, red blood cells, erythrocytes, hemoglobin
and hematocrit did not change significantly. The average erythrocyte volume in the control
group increased by 1.1% (p < 0.05) and 1.3% (p < 0.05) at different stages of the observation
(Table 6). On day 16, a 1.2% decrease (p < 0.05) in the hemoglobin content in the erythrocyte
was noted. This level remained almost unchanged until the end of observation: there
was a slight decrease of 0.8% (p < 0.05). The same dynamics was observed in the average
concentration of hemoglobin in erythrocytes: there was a 2.0% (p < 0.05) and 2.8% (p < 0.05)
decrease, respectively. In the treatment group, an increase in the relative RDW was noted:
a standard deviation (by 2.5% (p < 0.05 after 15 days and p < 0.05 after 45 days) and the
coefficient of variation (by 2.0 (p < 0.05) and 2.3% (p < 0.05) respectively).

Table 7 shows that white blood cells were affected more dramatically. In the treatment
group, by the end of the course, the leukocyte content increased by 12.0% (p < 0.05)
and remained at this level until the end of the observation period: the excess was 10.4%
(p < 0.05). The growth of lymphocytes reached 9.4% (p < 0.05) and 8.6% (p < 0.05) at different
stages of observation and monocytes by 14.5% (p < 0.05) and 21.7% (p < 0.05), respectively.
In the control group, an increase in the number of lymphocytes was registered only after
45 days of observation and was 24.9% (p < 0.05). The relative content of lymphocytes in the
observation groups did not change, and monocytes in the treatment group increased by
11.4% by the end of observation (p < 0.05). Neutrophils in the treatment group increased
within the normal range by 17.3% (p < 0.05) by the end of the food intervention period.
However, at the end of the observation, this value did not significantly differ from the
initial (p < 0.05). There was also an increase in basophils within the normal range. By the
end of the FP course, their value rose by 21.7% (p < 0.05) and by 30.0% (p < 0.05). In the
control group, only the growth of lymphocytes was observed by the end of the observation.

In the treatment group, at the end of the treatment, there was a 4.8% (p < 0.05) increase
in platelets and a 3.7%, (p < 0.05) decrease in the relative PDW. This effect did not persist
until the end of the observation period (Table 8). Still, a decrease in the coefficient of large
platelets by 5.3% (p < 0.05) was observed before the end of the study: 6.3% (p < 0.05). In the
control group, a decrease in the coefficient of large platelets by 6.9% was registered only
after 45 days into the observation (p < 0.05).

Initially, the presence of a high level of oxidative stress in the body of students in
each subgroup was evidenced by the data on peroxide levels. In the treatment group,
the level of peroxides decreased to a level estimated as the average: by the end of the
FP intake, by 33.7% (p < 0.05) and after one month of observation by 62.8% (p < 0.05).
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No changes occurred in the control group (Table 9), but the antioxidant activity of the
serum in this group increased by 24.9% by the end of observation (p < 0.05). At the
beginning of observation and the end of the course, it was assessed as average, and 45 days
later as high. In the control group, a decrease in the antioxidant activity of blood serum
was observed, by 11.2% (p < 0.05) at the end of the FP course and by 24.4% (p < 0.05). By
the end of observation, the average antioxidant activity decreased to a low value.

Table 4. Protein metabolism indicators during the observation period (absolute values).

Parameter
(Reference Values)

Observation Period, М±m

Start
(21 Day)

End
(37 Day)

45 Days Later
(67 Day)

Protein metabolism

Total protein, g/L
(64–83):

treatment 74.15 ± 0.68 75.9 ± 1.0 (+2.3%) 74.6 ± 0.8 (+0.6%)
control 73.2 ± 0.60 71.8 ± 0.7 (−1.9%) 74.8 ± 0.9 (+2.1%)

Albumin,%
(46.9–61.4):
treatment 55.71 ± 0.7 54.29 ± 0.64 (−2.6%) 55.44 ± 0.88 (−0.5%)

control 51.95 ± 1.0 56.23 ± 0.8 (+8.2%) 57.91 ± 0.74 (+11.5%)

Alpha−1 globulins,%
(2.2–4.2):
treatment 4.37 ± 0.17 3.83 ± 0.1 (−12,4%) 3.73 ± 0.14 (−14.6%)

control 4.21 ± 0.13 4.05 ± 0.2 (−3,8%) 4.24 ± 0.71 (+0.7%)

Alpha−2 globulins,%
(7.9–10.9):
treatment 10.2 ± 0.23 9.66 ± 0.25 (−5.3%) 10.02 ± 0.49 (−1.8%)

control 11.68 ± 0.44 10.06 ± 0.3 (−13.9%) 9.91 ± 0.54 (−15.5%)

Beta globulins,%
(10.2–18.3):
treatment 11.4 ± 0.26 12.31 ± 0.23 (+8.0%) 11.61 ± 0.42 (+1.8%)

control 11.79 ± 0.29 12.13 ± 0.18 (+2.8%) 11.3 ± 0.52 (−4.2%)

Gamma globulins,%
(17.6–25.4):
treatment 18.28 ± 0.53 19.85 ± 0.58 (+8.6%) 19.19 ± 0.85 (+4.9%)

control 20.54 ± 0.8 16.69 ± 0.73 (−18.7%) 16.63 ± 0.59 (−19.0%)

Table 5. Changes in the hormone content during the observation period (nmol/L).

Parameter
(Reference Values)

Observation Period, М±m

Start
(21 Day)

End
(37 Day)

45 Days Later
(67 Day)

Hormones, (nmol/L)

Testosterone,
8.72–38.17:
treatment 24.73 ± 1.98 25.53 ± 1.65 (+3.2%) 21.19 ± 1.77 (−14.3%)

control 26.18 ± 1.17 18.43 ± 1.8 (−29.6%) 17.59 ± 0.9 (−32.8%)

Cortisol, 200.0–700.0:
treatment 636.8 ± 31.8 673.3 ± 29.6 (+5.8%) 672.0 ± 35.0 (+5.5%)

control 750.6 ± 47.9 761.0 ± 38.4 (+1.4%) 685.6 ± 28.5 (−8.7%)
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Table 6. Red blood cells during the period of food intervention (absolute values).

Parameter
(Reference Values)

Observation Period, М±m

Start
(21 Day)

End
(37 Day)

45 Days Later
(67 Day)

Average erythrocyte
volume, 80–95 fl:

treatment 87.1 ± 0.49 87.5 ± 0.47 (+0.5%) 88.3 ± 0.54 (+1.3%)
control 85.1 ± 0.9 86.0 ± 0.99 (+1.1%) 86.2 ± 0.9 (+1.3%)

Average content of
HGB in erythrocyte,

25–35 pg:
treatment 30.30 ± 0.17 30.35 ± 0.17 (+0.1%) 30.49 ± 0.17 (+0.6%)

control 30.35 ± 0.39 30.0 ± 0.37 (−1.2%) 30.1 ± 0.23 (−0.8%)

Average
concentration of HGB

in erythrocyte,
30.0–38.0 g/L:

treatment 34.79 ± 0.08 34.67 ± 0.14 (+0.4%) 34.61 ± 0.20 (−0.5%)
control 35.6 ± 0.3 34.9 ± 0.19 (−2.0%) 34.6 ± 0.24 (−2.8%)

Relative RDW,
standard deviation,

39–46 fl.:
treatment 41.45 ± 0.33 42.5 ± 0.43 (+2.5%) 42.48 ± 0.35 (+2.5%)

control 42.07 ± 0.5 42.39 ± 0.68 (+0.6%) 42.5 ± 0.69 (+1.0%)

Relative RDW,
coefficient of

variation,
11.8–15.6%:
treatment 13.28 ± 0.10 13.54 ± 0.12 (+2.0%) 13.59 ± 0.10 (2.3%)

control 13.2 ± 0.09 13.2 ± 0.10 (0%) 13.1 ± 0.13 (−0.8%)

In the treatment group, the level of IgA during the observation period did not change
significantly. In the control group, it decreased by 37.5% (p < 0.05) by the end of the
observation. IgM in the treatment group increased only by the end of the observation
(by 43.3%, p < 0.05). In the control group, an increase in IgM was registered after 15 days
of observation (by 80.4%, p < 0.05). After 45 days, this value was 54.0% above the initial
one (p < 0.05). IgG in the treatment group increased by 43.6% (p < 0.05) by the end of the
observation, whereas in the control group, no significant changes occurred.

3.3. Morbidity Pattern Analysis

The morbidity pattern in students in the control group was the same as in the compar-
ison group (Table 10). Respiratory diseases and skin and subcutaneous tissue conditions
were the first and second most widespread, respectively.

In the treatment group, the 34 weeks incidence rate was 0.6 times that in the control
group (Table 11). There was a difference in the incidence rate of respiratory diseases (1.7 times
less frequent) and skin and subcutaneous tissue conditions (5.7 times less frequent).

Among diseases of the respiratory system, two nosological forms demonstrated certain
differences: acute viral respiratory infections of the upper respiratory tract (ARI URT) and
influenza, as well as community-acquired pneumonia (CAP). The incidence of the former
was 1.8 times lower in the treatment group than in the control group. There were no cases
of CAP in the treatment group (Table 12).

The weekly analysis of diseases revealed several interesting patterns (Figure 1). For
example, fewer respiratory diseases were reported in the control group only in weeks
20–22, whereas during the remaining weeks of the observation period, respiratory diseases
were more often registered.
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In the treatment group, diseases of the skin and subcutaneous tissue were diagnosed
only in week 21, whereas in the control group, they were diagnosed in weeks 2–3, 6–10, 13,
15, 19–23, 28–29 (Figure 3). The incidence rate in the treatment group was 22.2‰, and in
the control group, it was 126.0 ‰.

Table 7. White blood cells during the food intervention (absolute values).

Parameter (Reference
Values)

Observation Period, М±m

Start
(21 Day)

End
(37 Day)

45 Days Later
(67 Day)

Leukocytes,
4.2–9 × 109 cells/L:

treatment 6.96 ± 0.22 7.86 ± 0.30 (+12.0%) 7.69 ± 0.21 (+10.4%)
control 6.57 ± 0.48 6.31 ± 0.34 (−3.9%) 7.95 ± 0.35 (+24.9%)

Lymphocytes,
1.5–4.0 × 109 L:

treatment 2.33 ± 0.07 2.55 ± 0.09 (+9.4%) 2.53 ± 0.10 (+8.6%)
control 2.17 ± 0.16 2.23 ± 0.18 (+2.7%) 2.71 ± 0.17(+24.9%)

Monocytes,
0.1–0.8 × 109 L:

treatment 0.69 ± 0.03 0.79 ± 0.04(+14.5%) 0.84 ± 0.03(+21.7%)
control 0.6 ± 0.023 0.62 ± 0.03 (+3.3%) 0.63 ± 0.03 (+5.0%)

Relative content of
monocytes, 2–11%:

treatment 9.87±0.31 9.94±0.30 (+0.7%) 11.0±0.46 (+11.4%)
control 9.1±0.23 9.16±0.3 (+0.6%) 9.2±0.33 (1.0%)

Neutrophils,
2.0–7.7 × 109 L:

treatment 3.58 ± 0.19 4.2 ± 0.26 (+17.3%) 4.0 ± 0.19 (+11.7%)
control 4.24 ± 0.34 3.80 ± 0.22 (−10.4%) 4.11 ± 0.34 (−3.1%)

The relative content of
neutrophils, 42–72%:

treatment 50.7 ± 1.2 51.47 ± 1.4 (+1.5%) 51.63 ± 1.54 (+1.8%)
control 54.5 ± 1.86 53.2 ± 2.3 (−4.3%) 52.67 ± 1.9 (−3.4%)

Basophil content,
0.02–0.1 × 109 L:

treatment 0.02 ± 0.001 0.024 ± 0.002
(+21.7%)

0.026 ± 0.001
(+30.0%)

control 0.02 ± 0.001 0.021 ± 0.001 (+5.0%) 0.02 ± 0.001 (0%)

Table 8. Platelets during the food intervention (absolute values)

Parameter (Reference
Values)

Observation Period, М±m

Start
(21 Day)

End
(37 Day)

45 Days Later
(67 Day)

Platelets,
180–400 × 109 cells/L:

treatment 231.8 ± 6.53 242.97 ± 6.9 (+4.8%) 243.9 ± 8.5 (+5.6%)
control 221.1 ± 11.2 229.8 ± 9.35 (+3.9%) 240.2 ± 11.4 (+8.6%)

Relative PDW, 15–17%:
treatment 13.55 ± 0.26 13.05 ± 0.25 (−3.7%) 12.84 ± 0.23 (−5.3%)

control 13.97 ± 0.7 13.78 ± 0.8 (−1.4%) 14.35 ± 0.9 (+2.7%)

P−LCR, 13–43%:
treatment 34.29 ± 1.02 32.49 ± 1.05 (−5.3%) 32.12 ± 1.00 (−6.3%)

control 32.15 ± 3.0 29.99 ± 3.1 (−6.8%) 29.94 ± 2.9 (−6.9%)
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Table 9. Antioxidant defense system and serum immunoglobulins during the period of food inter-
vention (absolute values).

Parameter
(Reference Values)

Observation Period, М±m

Start
(21 Day)

End
(37 Day)

45 Days Later
(67 Day)

Antioxidant protection system, µmol/L

Peroxides, <180.0:
treatment 542.3 ± 65.8 359.3 ± 58.5 (−33.7%) 201.7 ± 49.8 (−62.8%)

control 535.4 ± 49.8 519.5 ± 70.3 (−3.0%) 485.4 ± 59.8 (−9.4%)

Serum antioxidant
activity, 280 ± 20.5:

treatment 313.9 ± 9.8 313.5 ± 13.3 (−0.1%) 392.2 ± 11.3 (+24.9%)
control 311.5 ± 11.3 276.7 ± 9.5 (−11.2%) 235.4 ± 8.5 (−24.4%)

Serum immunoglobulins (g/L)

IgA, 0.9–4.5:
treatment 0.938 ± 0.1 1.034 ± 0.12 (+10.2%) 0.902 ± 0.11 (−3.9%)

control 0.685 ± 0.09 0.74 ± 0.09 (+8.0%) 0.428 ± 0.03 (−37.5%)

IgM, 0.6–3.7:
treatment 1.258 ± 0.14 1.176 ± 0.14 (−6.6%) 1.803 ± 0.11 (+43.3%)

control 0.87 ± 0.07 1.57 ± 0.36 (+80.4%) 1.34 ± 0.16 (+54.0%)

IgG, 8–17:
treatment 10.82 ± 1.19 11.98 ± 1.28 (+10.7%) 15.54 ± 1.39 (+43.6%)

control 15.92 ± 1.02 15.46 ± 1.39 (−3.1%) 11.49 ± 1.8 (−27.8%)

Table 10. Morbidity patterns in the control group by the most prevalent classes of diseases, %, rank.

Disease Class
Morbidity Pattern

Treatment Control

% Rank % Rank

VI. Diseases of the nervous system 1.3 4 1.0 4

X. Respiratory diseases 88.5 1 88.3 1

XI. Diseases of the digestive system 0.7 6 0.7 6

XII. Diseases of the skin and
subcutaneous tissue 6.3 2 6.3 2

ХIII. Diseases of the musculoskeletal
system and connective tissue 1.0 5 1.0 5

XIX. Injury, poisoning and some other
consequences of exposure to

external causes
2.2 3 2.2 3
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Table 11. The distribution of diseases by the most prevalent classes during the observation period, ‰.

Disease Class
Disease Distribution, М±m

Treatment Control

VI. Diseases of the nervous system 22.2 ± 21.9 15.7 ± 7.8

X. Respiratory diseases 22.2 ± 21.9 15.7 ± 7.8

XI. Diseases of the digestive system 1066.6 ± 39.7 1788.4 ± 74.4

XII. Diseases of the skin and subcutaneous tissue 22.2 ± 21.9 125.9 ± 20.8

ХIII. Diseases of the musculoskeletal system and
connective tissue 22.2 ± 21.9 15.7 ± 7.8

XIX. Injury, poisoning and some other consequences
of exposure to external causes 66.6 ± 37.2 74.8 ± 16.5

Total 1222.2 ± 77.7 2062.9 ± 92.9

Table 12. Primary incidence of diseases of the respiratory system, М±m.

Disease Class
Morbidity, ‰

Treatment Control

Acute sinusitis 44.4 ± 30.7 78.7 ± 16.9

Acute tonsillitis 177.7 ± 56.9 141.7 ± 21.8

Acute viral respiratory infection of the upper
respiratory tract, flu 822.2 ± 56.9 1468.5 ± 52.0

Community-acquired pneumonia 0.0 55.1

Acute viral respiratory infection of the lower
respiratory tract 22.2 ± 21.9 35.4 ± 11.6
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Figure 1. Weekly morbidity in students (respiratory system diseases), ‰.The data in Table 13 show that, although the
incidence of respiratory diseases in the control group was slightly higher before and during the treatment period (weeks
1–5), the incidence of acute viral respiratory infections of the upper respiratory tract (ARI URT) and flu was almost the same
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in the two groups. Further, in weeks 6–10, these indicators in the treatment group were lower than in the control group,
3.3 times and 5.6 times, respectively. In weeks 11–19 of the observation, the incidence of respiratory diseases in the treatment
group was 2.6 times lower and in weeks 23–27, there was a 10.6-fold decrease in the disease incidence rate. Such a shift
was not noted for acute respiratory diseases and flu. It was not earlier than weeks 28–34 when the incidence of ARI, upper
respiratory tract infection and influenza began to approach that in the control group (Figure 2).Nutrients 2021, 13, x FOR PEER REVIEW 15 of 22 

 

 

 
Figure 2. The incidence of ARI URT and flu among students of the control group by observation weeks, ‰. 

In the treatment group, diseases of the skin and subcutaneous tissue were diagnosed 
only in week 21, whereas in the control group, they were diagnosed in weeks 2–3, 6–10, 
13, 15, 19–23, 28–29 (Figure 3). The incidence rate in the treatment group was 22.2‰, and 
in the control group, it was 126.0 ‰. 

 
Figure 3. The incidence rate of diseases of the skin and subcutaneous tissue in the control group by observation weeks, 
‰. 

4. Discussion 
Prior studies have noted that human health can be affected by a combination of fac-

tors, including the living environment [74–77]. Upon moving from across the country to 
the place of their study, students need to adapt to a new climatic and social environment 

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

160.0

180.0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33

0/00

observation week

treatment group

control group

0.0

5.0

10.0

15.0

20.0

25.0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 32 34

0/00

observation week

treatment group

control group

Figure 2. The incidence of ARI URT and flu among students of the control group by observation weeks, ‰.

Table 13. Morbidity patterns in the control group by the most prevalent disease classes,%, rank.

Week of
Observation

Respiratory Diseases, Total ARI of URT and Flu Included

Treatment Control Treatment Control

1–5 311.0 354.3 314.0 299.1

6–10 155.5 507.9 66.7 374.0

11–19 88.9 228.4 0 204.7

20–22 66.7 47.1 66.7 47.2

23–27 22.2 235.6 0 204.7

28–34 288.7 413.4 288.7 339.5
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4. Discussion

Prior studies have noted that human health can be affected by a combination of factors,
including the living environment [74–77]. Upon moving from across the country to the
place of their study, students need to adapt to a new climatic and social environment [78].
Climatic and social adaptation is a stress factor affecting the adaptive potential of the
body. This fact has been noted by many authors [79–81]. The results of our study are
consistent with these findings: students in the control group experienced a number of
negative changes in their body parameters during the period of their adaptation to the
Baltic climate. Our study also suggests that the length of the adaptation period depends on
the speed of acclimatization.

The presence of stress in students during the period of climatic and social adaptation
was evidenced by increased levels of cortisol. These findings were in agreement with
those obtained by other researchers who noted that the level of cortisol is directly linked to
stress and anxiety that students experience during exams [82,83], as well as to chronic lack
of sleep in adolescents [84], and the effects of psychological and social stress in mentally
unwell patients [85]. Previous studies noted that a higher level of cortisol is found in people
whose profession is associated with increased risk and/or permanent stress, particularly
police officers [86] and medics [87]. An increased level of this hormone in humans may
be a precursor of acute myocardial infarction [88,89]. In contrast, testosterone levels tend
to decrease. This effect is also observed in the overtraining syndrome of athletes. This
disorder is caused by excessive training combined with insufficient rehabilitation and poor
quality of sleep, which leads to poor performance and fatigue [90]. This dynamic of cortisol
and testosterone indicates the predominance of catabolic processes in nutrient metabolism
as the body’s need for vitamins and minerals increases [91].

In our study, deviations in the values of albumin and each of the globulin fractions
caused disorders in the body, which became more considerable with fatigue. An increase
in the level of albumin may have been caused by dehydration. Researchers have had
similar findings analyzing serum albumin in the blood plasma of athletes after intense
training [92,93]. An increase in the values of α1- and α2-globulins, which include proteins
of the acute phase, can result from stress and inflammatory reactions in the body. The same
effect was observed following an insufficient intake of magnesium in food [94,95].
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The count of red blood cells testified to a negative impact of the change in the climatic
and social environment during the adaption period: there was a decrease in the hemoglobin
content and in the average concentration of hemoglobin in erythrocytes. The compensatory
reaction of the body manifested in an increase in the average volume of erythrocytes.
Researchers studying the adaptation of people to the Arctic climate of Russia’s North have
noted similar changes [96].

In our study, a decrease in humoral immunity was evidenced by the dynamics of β-
and γ-globulins in blood serum and serum IgA. After 15 days of observation, an inflamma-
tory reaction was observed by an increase in IgM. The immune response was insufficient:
no IgG growth was recorded after 45 days of observation. A high level of oxidative stress
and an increase in the low antioxidant capacity of serum were observed. This is consistent
with other research noting a similar effect characteristic of the chronic fatigue syndrome,
which can lead to changes in the endocrine function, as well as to immune-related diseases,
systemic inflammations and other health-threatening conditions [97].

Based on the scientific evidence available, the European Food Safety Authority (EFSA)
considers six vitamins (D, A, C, folic acid, B6 and B12) and four minerals (zinc, iron, copper
and selenium) essential for the normal functioning of the immune system [98]. Vitamins
A to E are known to be beneficial in treating COVID-19 since they have antioxidant and
immune-stimulatory properties [99].

The treatment group demonstrated an increase in the levels of vitamins (A, E and B2;
vitamin B1 decreased slightly) and minerals (copper, zinc, iron, magnesium and phospho-
rus) in their blood. The level of testosterone did not go down, and there was no increase
in catabolic reactions. This can probably be explained by the positive effects of the food
intervention on the hematopoietic system. In particular, the average volume of erythrocytes
grew more slowly than in the control group, the average concentration and content of
hemoglobin did not decrease and the relative RDW went up. The count of white blood
cells showed that the immune system positively responded to the food intervention, which
reflected in the number of lymphocytes, the relative content of neutrophils and an increase
in the number of monocytes, basophils and eosinophils. Protein metabolism indicators
evidenced a positive effect of the FP on humoral immunity: an increase in the concentration
of β-globulins (including complements involved in the immune response) and an increase
in γ-globulins. Increased resistance of the body was confirmed by an increase in IgM at
a later stage as well as an increase in IgG as an indicator of an active immune response.
Signs of oxidative stress considerably weakened.

A strong relationship between a poor nutritional status and the risk of severe res-
piratory diseases, including COVID-19, has been reported in the literature [100]. Our
findings, while preliminary, confirmed the effectiveness of the food intervention, which
manifested in a lower incidence of respiratory diseases as well as skin and subcutaneous
tissue conditions in the treatment group. Weekly analyses showed that after the end of
the FP course (week 6) to week 27 of the observation, respiratory diseases were more
frequent in the control group. Among the diseases of the respiratory system, a consistent
downward tendency in the frequency of occurrence of acute viral respiratory infection of
the upper respiratory tract and flu and community-acquired pneumonia was observed.
The effectiveness of the proposed method was also proven by a decrease in the incidence
of skin and subcutaneous tissue diseases.

The study helped reveal the impact of risk factors associated with adaptation and
acclimatization during the first weeks at university in regions having specific weather
and climatic conditions. It also made it possible to assess the effectiveness of preventive
measures for the protection of students’ health.

5. Conclusions

The present research aimed to assess the effectiveness of the proposed food interven-
tion in preventing the most common diseases among students who relocate to the Kalin-
ingrad region from other regions of Russia. Our analysis showed that during the period of
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adaptation and acclimatization, catabolic processes prevailed in the metabolism of nutri-
ents. The study of protein metabolism, vitamin and mineral concentrations, hematopoiesis
and humoral immunity revealed disadaptation changes in the body. The weakness of
immune response, α1- and α2-globulins and the levels of IgM and IgG confirmed the
presence of inflammatory reactions. Oxidative stress was analyzed by measuring the level
of peroxides and the anti-oxidative capacity of serum. After enriching the diet of the treat-
ment group with the functional food, a decrease in testosterone was no longer observed,
thus preventing an increase in nutrient catabolism. A positive effect on hematopoiesis
was registered. In red blood cells, the average volume of erythrocytes grew less rapidly.
The average concentration and the content of hemoglobin did not decrease. The relative
range of the distribution of erythrocytes by volume increased. Our findings suggest that
the immune system can positively respond to the food intervention (lymphocytes, the
relative content of neutrophils and an increase in the number of monocytes, basophils and
eosinophils). The stimulation of humoral immunity was confirmed by an increase in beta
and gamma globulins. An active immune response by IgM and IgG to inflammation was
observed. According to the obtained data, the antioxidant capacity increased.

The study showed that after 34 weeks of the FP intervention, the incidence of diseases
was lower in the treatment group compared with the control group (the incidence of
respiratory diseases decreased 1.7-fold, and that of skin and subcutaneous tissue conditions
5.7-fold). There was a decrease in the incidence of ARIs of URT, which dropped 1.8-fold.
There were no cases of community-acquired pneumonia (versus 55.1‰ in the control
group). In weeks 6–19, the incidence of respiratory diseases in the treatment group was
3.3–10.6 times lower than in the control group.

Further research needs to be done into the potential of different types and compositions
of functional food for preventing specific diseases.

Author Contributions: Conceptualization, A.V.T. and R.S.R.; methodology, R.S.R.; software, A.V.T.;
validation, E.S.B., L.A.P. and Z.L.M.; writing—review and editing, A.V.T. and R.S.R. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of Privolzhsky Research Medical
University, Russian Federation, Nizhniy Novgorod (protocol code No. 8 dated 8 May 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Heinen, I.; Bullinger, M.; Kocalevent, R.D. Perceived stress in first year medical students-associations with personal resources and

emotional distress. BMC Med. Educ. 2017, 17, 4. [CrossRef]
2. Labrague, L.J.; McEnroe-Petitte, D.M.; Gloe, D.; Thomas, L.; Papathanasiou, I.V.; Tsaras, K. A literature review on stress and

coping strategies in nursing students. J. Ment. Health 2017, 26, 471–480. [CrossRef] [PubMed]
3. Quek, T.T.; Tam, W.W.; Tran, B.X.; Zhang, M.; Zhang, Z.; Ho, C.S.; Ho, R.C. The Global Prevalence of Anxiety among Medical

Students: A Meta-Analysis. Int. J. Environ. Res. Public Health 2019, 16, 2735. [CrossRef] [PubMed]
4. Saxena, S.K.; Mani, R.N.; Dwivedi, A.K.; Ryali, V.; Timothy, A. Association of educational stress with depression, anxiety, and

substance use among medical and engineering undergraduates in India. Ind. Psychiatry J. 2019, 28, 160–169. [CrossRef] [PubMed]
5. Matsui, K.; Komada, Y.; Nishimura, K.; Kuriyama, K.; Inoue, Y. Prevalence and Associated Factors of Nocturnal Eating Behavior

and Sleep-Related Eating Disorder-Like Behavior in Japanese Young Adults: Results of an Internet Survey Using Munich
Parasomnia Screening. J. Clin. Med. 2020, 9, 1243. [CrossRef]

6. Seun-Fadipe, C.T.; Mosaku, K.S. Sleep quality and psychological distress among undergraduate students of a Nigerian university.
Sleep Health J. Natl. Sleep Found. 2017, 3, 190–194. [CrossRef]

7. Zhai, K.; Gao, X.; Wang, G. The Role of Sleep Quality in the Psychological Well-Being of Final Year UndergraduateStudents in
China. Int. J. Environ. Res. Public Health 2018, 15, 2881. [CrossRef] [PubMed]

8. Alhazmi, A.; Aziz, F. Dietary assessment and its awareness in female students from different Health Departments: Unhealthy
diet with normal BMI. J. Public Health Res. 2020, 9, 1799. [CrossRef]

http://doi.org/10.1186/s12909-016-0841-8
http://doi.org/10.1080/09638237.2016.1244721
http://www.ncbi.nlm.nih.gov/pubmed/27960598
http://doi.org/10.3390/ijerph16152735
http://www.ncbi.nlm.nih.gov/pubmed/31370266
http://doi.org/10.4103/ipj.ipj_3_20
http://www.ncbi.nlm.nih.gov/pubmed/33223707
http://doi.org/10.3390/jcm9041243
http://doi.org/10.1016/j.sleh.2017.02.004
http://doi.org/10.3390/ijerph15122881
http://www.ncbi.nlm.nih.gov/pubmed/30558301
http://doi.org/10.4081/jphr.2020.1799


Nutrients 2021, 13, 2116 19 of 22

9. El Ansari, W.; Berg-Beckhoff, G. Association of Health Status and Health Behaviors with Weight Satisfaction vs. Body Image
Concern: Analysis of 5888 Undergraduates in Egypt, Palestine, and Finland. Nutrients 2019, 11, 2860. [CrossRef]

10. Hoare, E.; Milton, K.; Foster, C.; Allender, S. The associations between sedentary behaviour and mental health among adolescents:
A systematic review. Int. J. Behav. Nutr. Phys. Act. 2016, 13, 108. [CrossRef]

11. Iorga, M.; Manole, I.; Pop, L.; Muraru, I.D.; Petrariu, F.D. Eating Disorders in Relationship with Dietary Habits among Pharmacy
Students in Romania. Pharmacy 2018, 6, 97. [CrossRef]

12. Niba, L.L.; Atanga, M.B.; Navti, L.K. A cross sectional analysis of eating habits and weight status of university students in urban
Cameroon. BMC Nutr. 2017, 3, 55. [CrossRef]

13. Syed, N.K.; Syed, M.H.; Meraya, A.M.; Albarraq, A.A.; Al-Kasim, M.A.; Alqahtani, S.; Makeen, H.A.; Yasmeen, A.; Banji, O.J.;
Elnaem, M.H. The association of dietary behaviors and practices with overweight and obesity parameters among Saudi university
students. PLoS ONE 2020, 15, e0238458. [CrossRef]

14. Habib, S.R.; Alghofaily, S.; Alshamrani, H.; Alhammad, A.; Awan, K.H. Relationship of Body Mass Index with Diet, Physical
Activities, and Lifestyles of Dental Students. J. Contemp. Dent. Pract. 2017, 18, 899–904. [CrossRef]

15. Musaiger, A.O.; Awadhalla, M.S.; Al-Mannai, M.; AlSawad, M.; Asokan, G.V. Dietary habits and sedentary behaviors among
health science university students in Bahrain. Int. J. Adolesc. Med. Health 2017, 29. [CrossRef] [PubMed]

16. Yahia, N.; Wang, D.; Rapley, M.; Dey, R. Assessment of weight status, dietary habits and beliefs, physical activity, and nutritional
knowledge among university students. Perspect. Public Health 2016, 136, 231–244. [CrossRef]

17. Zhao, F.; Sun, S.; Xiong, J.; Zheng, G. The effect of Baduanjin exercise on health-related physical fitness of college students: Study
protocol for a randomized controlled trial. Trials 2019, 20, 569. [CrossRef] [PubMed]

18. Al-Sejari, M. Sociocultural Characteristic, Lifestyle, and Metabolic Risk Factors among a Sample of Kuwaiti Male University
Students. Am. J. Men’s Health 2017, 11, 308–317. [CrossRef]

19. El Ansari, W.; Berg-Beckhoff, G. Country and Gender-Specific Achievement of Healthy Nutrition and Physical Activity Guidelines:
Latent Class Analysis of 6266 University Students in Egypt, Libya, and Palestine. Nutrients 2017, 9, 738. [CrossRef] [PubMed]

20. Snedden, T.R.; Scerpella, J.; Kliethermes, S.A.; Norman, R.S.; Blyholder, L.; Sanfilippo, J.; McGuine, T.A.; Heiderscheit, B. Sport
and Physical Activity Level Impacts Health-Related Quality of Life Among Collegiate Students. Am. J. Health Promot. 2018, 33,
675–682. [CrossRef]

21. Song, Y.; Luo, D.M.; Hu, P.J.; Yan, X.J.; Zhang, J.S.; Lei, Y.T.; Zhang, B.; Ma, J. Trends of prevalence of excellent health status and
physical fitness among Chinese Han students aged 13 to 18 years from 1985 to 2014. Beijing da xue xue bao. Yi xue ban J. Peking
Univ. Health Sci. 2020, 52, 317–322. [CrossRef]

22. Byrne, E.; Brugha, R.; McGarvey, A. ‘A melting pot of cultures’ -challenges in social adaptation and interactions amongst
international medical students. BMC Med. Educ. 2019, 19, 86. [CrossRef]

23. Fond, G.; Bourbon, A.; Boucekine, M.; Messiaen, M.; Barrow, V.; Auquier, P.; Lançon, C.; Boyer, L. First-year French medical
students consume antidepressants and anxiolytics while second-years consume non-medical drugs. J. Affect. Disord. 2020, 265,
71–76. [CrossRef]

24. McGarvey, A.; Brugha, R.; Conroy, R.M.; Clarke, E.; Byrne, E. International students’ experience of a western medical school:
A mixed methods study exploring the early years in the context of cultural and social adjustment compared to students from the
host country. BMC Med. Educ. 2015, 15, 111. [CrossRef]

25. Tang, W.; Dai, Q. Depressive symptoms among first-year Chinese undergraduates: The roles of socio-demographics, coping style,
and social support. Psychiatry Res. 2018, 270, 89–96. [CrossRef] [PubMed]

26. Mishra, S.R.; Neupane, D.; Shakya, A.; Adhikari, S.; Kallestrup, P. Modifiable Risk Factors for Major Non-communicable Diseases
Among Medical Students in Nepal. J. Community Health 2015, 40, 863–868. [CrossRef]

27. Morales, G.; Guillen-Grima, F.; Muñoz, S.; Belmar, C.; Schifferli, I.; Muñoz, A.; Soto, A. Factores de riesgo cardiovascular en
universitarios de primer y tercer año [Cardiovascular risk factors among first and third year university students]. Rev. Med. Chile
2017, 145, 299–308. [CrossRef] [PubMed]

28. Tarasov, A.V.; Koldunov, I.N.; Rakhmanov, R.S. On the issue of optimization of adaptation process to new environment taking
into consideration climate and weather conditions. Gig. Sanit. 2014, 58–60. (In Russian)

29. Tarasov, A.V.; Rakhmanov, R.S.; Bogomolova, E.S.; Piskarev, Y.G. Assessment of the Baltic Sea Climate Change Impact on Health.
Pure Appl. Geophys. 2021. [CrossRef]

30. Legislative support of the state policy in the field of production of functional and specialized food products in the Russian
Federation. In Proceedings of the Round Table of the Federation Council of the Federal Assembly of the Russian Federation,
Moscow, Russia, 25 January 2018.

31. Mattioli, A.V.; Sciomer, S.; Cocchi, C.; Maffei, S.; Gallina, S. Quarantine during COVID-19 outbreak: Changes in diet and physical
activity increase the risk of cardiovascular disease. Nutr. Metab. Cardiovasc. Dis. NMCD 2020, 30, 1409–1417. [CrossRef] [PubMed]

32. Suardi, C.; Cazzaniga, E.; Graci, S.; Dongo, D.; Palestini, P. Link between Viral Infections, Immune System, Inflammation and
Diet. Int. J. Environ. Res. Public Health 2021, 18, 2455. [CrossRef]

33. Kim, H.; Rebholz, C.M.; Hegde, S.; LaFiura, C.; Raghavan, M.; Lloyd, J.F.; Cheng, S.; Seidelmann, S.B. Plant-based diets,
pescatarian diets and COVID-19 severity: A population-based case–control study in six countries. BMJ Nutr. Prev. Health 2021,
bmjnph–2021. [CrossRef]

34. Baevsky, R.M.; Kaznacheev, V.P. Pre-nosological diagnosis. BME 1978, 7, 253–255.

http://doi.org/10.3390/nu11122860
http://doi.org/10.1186/s12966-016-0432-4
http://doi.org/10.3390/pharmacy6030097
http://doi.org/10.1186/s40795-017-0178-7
http://doi.org/10.1371/journal.pone.0238458
http://doi.org/10.5005/jp-journals-10024-2146
http://doi.org/10.1515/ijamh-2015-0038
http://www.ncbi.nlm.nih.gov/pubmed/26251982
http://doi.org/10.1177/1757913915609945
http://doi.org/10.1186/s13063-019-3672-1
http://www.ncbi.nlm.nih.gov/pubmed/31533854
http://doi.org/10.1177/1557988316680937
http://doi.org/10.3390/nu9070738
http://www.ncbi.nlm.nih.gov/pubmed/28696407
http://doi.org/10.1177/0890117118817715
http://doi.org/10.19723/j.issn.1671-167x.2020.02.020
http://doi.org/10.1186/s12909-019-1514-1
http://doi.org/10.1016/j.jad.2020.01.035
http://doi.org/10.1186/s12909-015-0394-2
http://doi.org/10.1016/j.psychres.2018.09.027
http://www.ncbi.nlm.nih.gov/pubmed/30245381
http://doi.org/10.1007/s10900-015-0012-6
http://doi.org/10.4067/S0034-98872017000300003
http://www.ncbi.nlm.nih.gov/pubmed/28548186
http://doi.org/10.1007/s00024-020-02650-6
http://doi.org/10.1016/j.numecd.2020.05.020
http://www.ncbi.nlm.nih.gov/pubmed/32571612
http://doi.org/10.3390/ijerph18052455
http://doi.org/10.1136/bmjnph-2021-000272


Nutrients 2021, 13, 2116 20 of 22

35. Baevskii, R.M.; Chernikova, A.G. Assessment of Adaptation Risk in an Individual Prenosological Monitoring System. Neurosci.
Behav. Physi. 2016, 46, 437–445. [CrossRef]

36. Chen, S.; Binns, C.W.; Maycock, B.; Liu, Y.; Zhang, Y. Prevalence of dietary supplement use in healthy pre-school Chinese children
in Australia and China. Nutrients 2014, 6, 815–828. [CrossRef] [PubMed]

37. El Khoury, D.; Hansen, J.; Tabakos, M.; Spriet, L.L.; Brauer, P. Dietary Supplement Use among Non-athlete Students at a Canadian
University: A Pilot-Survey. Nutrients 2020, 12, 2284. [CrossRef] [PubMed]

38. Joseph, N.; Kumar, A.; Singh, H.; Shaheen, M.; Das, K.; Shrivastava, A. Nutritional Supplement and Functional Food Use Among
Medical Students in India. J. Diet. Suppl. 2018, 15, 951–964. [CrossRef]

39. Kobayashi, E.; Sato, Y.; Umegaki, K.; Chiba, T. The Prevalence of Dietary Supplement Use among College Students: A Nationwide
Survey in Japan. Nutrients 2017, 9, 1250. [CrossRef] [PubMed]

40. Liu, H.; Zhang, S.; Zou, H.; Pan, Y.; Yang, Q.; Ouyang, Y.; Luo, J.; Lin, Q. Dietary Supplement Use Among Chinese Primary School
Students: A Cross-Sectional Study in Hunan Province. Int. J. Environ. Res. Public Health 2019, 16, 374. [CrossRef]

41. Wiltgren, A.R.; Booth, A.O.; Kaur, G.; Cicerale, S.; Lacy, K.E.; Thorpe, M.G.; Keast, R.S.; Riddell, L.J. Micronutrient supplement
use and diet quality in university students. Nutrients 2015, 7, 1094–1107. [CrossRef]

42. Ohama, H.; Ikeda, H.; Moriyama, H. Health foods and foods with health claims in Japan. Toxicology 2006, 221, 95–111. [CrossRef]
43. Hasler, C.M.; Bloch, A.S.; Thomson, C.A.; Enrione, E.; Manning, C. Position of the American Dietetic Association: Functional

Foods. J. Am. Diet. Assoc. 2004, 104, 814–826. [PubMed]
44. GOST R 52349-2005 Functional Food Products. Terms and Definitions; Moscow Standartinform: Moscow, Russia, 2006.
45. Fundamentals of the State Policy in the Field of Health Nutrition for the Period up to 2020: Order of the Government of the

Russian Federation of October 25, 2010 No. 1873-r. Available online: https://rg.ru/2010/11/03/pravila-dok.html (accessed on
19 June 2021).

46. Rakhmanov, R.S.; Gruzdeva, A.M.; Filippova, O.N.; Potekhina, N.N.; Averkin, D.A.; Potapova, I.A. Natural vitamin-minor-
mineral complexes in managing vitamin and mineral deficiency in humans. Public Health Environ. 2016, 3, S34–S37.

47. Gruzdeva, A.E. Method of Obtaining Biocorrectors from Natural Raw Materials. Russian Federation Patent 2399296; IPC
A23L1/00, A23L1/30, 23 March 2009.

48. Rakhmanov, R.S.; Narutdinov, D.A.; Umnyagina, I.A.; Istomin, A.V.; Gruzdeva, A.E. Directional products are an effective way to
prevent diseases of the population. Public Health Environ. 2014, 11, 7–11.

49. Filippova, O.N.; Istomin, A.V.; Rahmanov, R.S.; Gruzdeva, A.E. Prospects for providing food for workers and military personnel
in extreme conditions with cryogenic products. Zdorov’e Naseleniya i Sreda Obitaniya 2014, 11, 1114, (In Russian, English abstract).

50. Gruzdeva, A.E. The effectiveness of “Biofit” technology for “Spring of health”. In Proceedings of the Nutrition and health—
Problems and solutions: Products “Biofit”—10 years on the Russian market, Novgorod, Russia, 2 March 2004; pp. 24–27.

51. Karyakin, N.V. Comprehensive Research into the Development and Use of Technologies for Obtaining Highly Effective Biologically Active
Food Supplements for Health Improvement and Rehabilitation of Children and Adolescents; Nizhny Novgorod State Medical Academy:
Novgorod, Russia, 2003; pp. 47–55.

52. Martinchik, A.N.; Maev, I.V.; Yanushevich, O.O. (Eds.) General Nutrition: Textbook; MED Press: Moscow, Russia, 2005; 392p, ISBN
5-98322-075-6.

53. Rakhmanov, R.S.; Belousko, N.I.; Gruzdeva, A.E. The Composition of the Sports Nutrition Product. Patent No. 2533002, 16
June 2013.

54. Monosova, O.Y.; Sharapova, K.G. Vitamins, micro- and macronutrients and their effect on the immune system. Eff. Pharmacother.
Pediatr. 2010, 2, 6–11.

55. Hallquist, N.A.; Sherman, A.R. Effect of iron deficiency on the stimulation of natural killer cells by macrophage-produced
interferon. Nutr. Res. 1989, 9, 283–292. [CrossRef]

56. Declaration of Conformity to the Requirements of the Eurasian Economic Union technical regulations EAEU N RU D-
RU.AA95.B.03849. Available online: https://reestrinform.ru/reestr-declaratcii-sootvetstviia/id19-reg_number-%D0%95%D0
%90%D0%AD%D0%A1_N_RU_%D0%94-RU.%D0%90%D0%9095.%D0%92.03849.html (accessed on 19 June 2021).

57. Rakhmanov, V.S.; Bogomolova, E.S.; Tarasov, A.V.; Ashina, A.V. Reaktisya organizma kursnatov voenno-uchebnogo zavedeniya na
nachalnom etape adaptatsii k uslovya, obuchemiya [Reactions in students of a military educational institution during adaptation
to training conditions]. Voenno-Meditsinskiy Zhurnal [J. Mil. Med.] 2020, 341, 76–81.

58. Halliwell, B. Oxidative stress, nutrition and health. Experimental strategies for optimization of nutritional antioxidant intake in
humans. Free Rad. Res. 1996, 25, 57–74. [CrossRef]

59. Miller, N.J.; Rice-Evans, C.; Davies, M.J.; Gopinathan, V.; Milner, A. A novel method for measuring antioxidant capacity and its
application to monitoring the antioxidant status in premature neonates. Clin. Sci. 1993, 84, 407–412. [CrossRef]

60. Schimke, I.; Müller, J.; Priem, F.; Kruse, I.; Schön, B.; Stein, J.; Kunze, R.; Wallukat, G.; Hetzer, R. Decreased oxidative stress
in patients with idiopathic dilated cardiomyopathy one year after immunoglobulin adsorption. J. Am. Coll. Cardiol. 2001, 38,
178–183. [CrossRef]

61. Doumas, B.T. Standards for Total Serum Protein Assays—A Collaborative Study. Clin. Chem. 1975, 21, 1159–1166. [CrossRef]
62. Andrianova, M.Y.; Bugrova, O.V.; Goncharov, N.P. Clinical Laboratory Research Techniques. Reference Manual. Clinical and Biochemical

Research. Immunological Research; a reference manual in 3 volumes; Labora: Moscow, Russia, 2009; 304p, ISBN 9785903284030.
63. Menshikov, V.V. (Ed.) Ensuring the Quality of Laboratory Research. Preanalytical Stage; Labinform: Moscow, Russia, 1999; pp. 138–139.

http://doi.org/10.1007/s11055-016-0255-4
http://doi.org/10.3390/nu6020815
http://www.ncbi.nlm.nih.gov/pubmed/24566439
http://doi.org/10.3390/nu12082284
http://www.ncbi.nlm.nih.gov/pubmed/32751521
http://doi.org/10.1080/19390211.2017.1407384
http://doi.org/10.3390/nu9111250
http://www.ncbi.nlm.nih.gov/pubmed/29140269
http://doi.org/10.3390/ijerph16030374
http://doi.org/10.3390/nu7021094
http://doi.org/10.1016/j.tox.2006.01.015
http://www.ncbi.nlm.nih.gov/pubmed/15127071
https://rg.ru/2010/11/03/pravila-dok.html
http://doi.org/10.1016/S0271-5317(89)80071-5
https://reestrinform.ru/reestr-declaratcii-sootvetstviia/id19-reg_number-%D0%95%D0%90%D0%AD%D0%A1_N_RU_%D0%94-RU.%D0%90%D0%9095.%D0%92.03849.html
https://reestrinform.ru/reestr-declaratcii-sootvetstviia/id19-reg_number-%D0%95%D0%90%D0%AD%D0%A1_N_RU_%D0%94-RU.%D0%90%D0%9095.%D0%92.03849.html
http://doi.org/10.3109/10715769609145656
http://doi.org/10.1042/cs0840407
http://doi.org/10.1016/S0735-1097(01)01309-2
http://doi.org/10.1093/clinchem/21.8.1159


Nutrients 2021, 13, 2116 21 of 22

64. Makino, T.; Kiyonaga, M.; Kina, K. A sensitive, direct colorimetric assay of serum iron using the chromogen, nitro-PAPS. Clinica
chimica acta. Int. J. Clin. Chem. 1988, 171, 19–27. [CrossRef]

65. Mann, C.K.; Yoe, J.H. Spectrophotometric Determination of Magnesium with Sodium 1-Azo-2-hydroxy-3-(2,4-dimethylcarboxanilido)-
naphthalene-1′-(2-hydroxybenzene-5-sulfonate). Anal. Chem. 1956, 28, 202–205. [CrossRef]

66. Hillmann, G.; Beyer, G. Schnellbestimung von Serum-Kalium durch Trübungsmessung mit Kalignost nach Eiweissfällung [Rapid
determination of serum potassium by turbidity measurement with kalignost after protein precipitation]. Zeitschrift fur klinische
Chemie und klinische Biochemie 1967, 5, 93–94. [PubMed]

67. Barnett, R.N.; Skodon, S.B.; Goldberg, M.H. Performance of "kits" used for clinical chemical analysis of calcium in serum. Am. J.
Clin. Pathol. 1973, 59, 836–845. [CrossRef]

68. Нenry, R.J. Clinical Chemistry, Principles and Techniques, 2nd ed.; Harper and Rou: Hagerstown, MD, USA, 1974; p. 525.
69. Weissman, N.; Pilegg, V.J. IN Clinical Chemistry—Principle and Technics, 2nd ed.; Guder, W.; NormalbereicheRlin. Chem., 1982;

Henry, R.J., Ed.; Harper & Row: New York, NY, USA, 1974; pp. 642–643.
70. Fried, R.; Hoefimayr JVelosy, G. A new highly sensitive method for the determination of chloride in body fluids without protein

precipitation. Z. Klin. Chem. Klin. Biochem. 1972, 10, 280. [PubMed]
71. Methodology of Measuring the Concentration of Vitamin A in Blood Serum Using the Analyzer “Fluorat-02-ABLF”. Method M

07-02-2001.- SPb. 2001. Available online: https://www.lumex.ru/catalog/flyuorat-02-ablf-t.php (accessed on 19 June 2021).
72. Antonov, B.I. (Ed.) Laboratory Research in Veterinary Medicine; Agropromizdat: Moscow, Russia, 1991; p. 287.
73. Karpishchenko, A.I. (Ed.) Medical Laboratory Technologies; Intermedica: St. Petersburg, Russia, 2002; Volume 2, 254p.
74. Baceviciene, M.; Jankauskiene, R.; Balciuniene, V. The Role of Body Image, Disordered Eating and Lifestyle on the Quality of Life

in Lithuanian University Students. Int. J. Environ. Res. Public Health 2020, 17, 1593. [CrossRef]
75. Gallè, F.; Sabella, E.A.; Da Molin, G.; Liguori, G.; Montagna, M.T.; Orsi, G.B.; Valerio, G.; Napoli, C. A cross-sectional study

investigating lifestyle and weight perception of undergraduate students in southern Italy. BMC Public Health 2019, 19, 1316.
[CrossRef]

76. Rangel Caballero, L.G.; Gamboa Delgado, E.M.; Murillo López, A.L. Prevalencia de factores de riesgo comportamentales
modificables asociados a enfermedades no transmisibles en estudiantes universitarios latinoamericanos: Una revisión sistemática
[Prevalence of modifiable behavioral risk factors associated to non-communicable diseases in Latin American college students:
A systematic review]. Nutr. Hosp. 2017, 34, 1185–1197. [CrossRef]

77. Son, C.; Hegde, S.; Smith, A.; Wang, X.; Sasangohar, F. Effects of COVID-19 on College Students’ Mental Health in the United
States: Interview Survey Study. J. Med. Internet Res. 2020, 22, e21279. [CrossRef]

78. Rakhmanov, R.S.; Potehina, N.N.; Tarasov, A.V.; Koldunov, I.N. Risk assessment for incidence with community-acquired
pneumonia in organized communities among thier members adapting to training and acclimatization. Health Risk Anal. 2019,
154–160. [CrossRef]

79. Charlot, K.; Faure, C.; Antoine-Jonville, S. Influence of Hot and Cold Environments on the Regulation of Energy Balance Following
a Single Exercise Session: A Mini-Review. Nutrients 2017, 9, 592. [CrossRef] [PubMed]

80. Pagnotta, K.D.; Mazerolle, S.M.; Pitney, W.A.; Burton, L.J.; Casa, D.J. Implementing Health and Safety Policy Changes at the High
School Level from a Leadership Perspective. J. Athl. Train. 2016, 51, 291–302. [CrossRef]

81. Velusami, D.; Dongre, A.R.; Kagne, R.N. Evaluation of one-month foundation course for the first year undergraduate students at
a Medical College in Puducherry, India. J. Adv. Med. Educ. Prof. 2020, 8, 165–171. [CrossRef] [PubMed]

82. Cay, M.; Ucar, C.; Senol, D.; Cevirgen, F.; Ozbag, D.; Altay, Z.; Yildiz, S. Effect of increase in cortisol level due to stress in healthy
young individuals on dynamic and static balance scores. North. Clin. Istanb. 2018, 5, 295–301. [CrossRef]

83. Maduka, I.C.; Neboh, E.E.; Ufelle, S.A. The relationship between serum cortisol, adrenaline, blood glucose and lipid profile of
undergraduate students under examination stress. Afr. Health Sci. 2015, 15, 131–136. [CrossRef]

84. Inoue, K.; Hashioka, S.; Takeshita, H.; Kamura, M.; Fujita, Y. High Serum Cortisol Levels as a Potential Indicator for Changes in
Well-Regulated Daily Life among Junior High School Students. Tohoku J. Exp. Med. 2019, 249, 143–146. [CrossRef]

85. Dauvermann, M.R.; Donohoe, G. Cortisol stress response in psychosis from the high-risk to the chronic stage: A systematic
review. Ir. J. Psychol. Med. 2019, 36, 305–315. [CrossRef] [PubMed]

86. Planche, K.; Chan, J.F.; Di Nota, P.M.; Beston, B.; Boychuk, E.; Collins, P.I.; Andersen, J.P. Diurnal Cortisol Variation According to
High-Risk Occupational Specialty within Police: Comparisons between Frontline, Tactical Officers, and the General Population.
J. Occup. Environ. Med. 2019, 61, e260–e265. [CrossRef]

87. Bardaquim, V.A.; Santos, S.; Dias, E.G.; Dalri, R.; Mendes, A.; Gallani, M.C.; Robazzi, M. Stress and cortisol levels among members
of the nursing team. Rev. Bras. Enferm. 2020, 73 (Suppl. 1), e20180953. [CrossRef]

88. Faresjö, T.; Strömberg, S.; Jones, M.; Stomby, A.; Karlsson, J.E.; Östgren, C.J.; Faresjö, Å.; Theodorsson, E. Elevated levels of
cortisol in hair precede acute myocardial infarction. Sci. Rep. 2020, 10, 22456. [CrossRef]

89. Jutla, S.K.; Yuyun, M.F.; Quinn, P.A.; Ng, L.L. Plasma cortisol and prognosis of patients with acute myocardial infarction.
J. Cardiovasc. Med. 2014, 15, 33–41. [CrossRef]

90. Cadegiani, F.A.; Kater, C.E. Basal Hormones and Biochemical Markers as Predictors of Overtraining Syndrome in Male Athletes:
The EROS-BASAL Study. J. Athl. Train. 2019, 54, 906–914. [CrossRef]

91. Kubasov, R.V. Hormonal changes as a response to extreme environmental factors. Bull. Russ. Acad. Med Sci. 2014, 69, 102–109.

http://doi.org/10.1016/0009-8981(88)90287-2
http://doi.org/10.1021/ac60110a016
http://www.ncbi.nlm.nih.gov/pubmed/5605219
http://doi.org/10.1093/ajcp/59.6.836
http://www.ncbi.nlm.nih.gov/pubmed/4681027
https://www.lumex.ru/catalog/flyuorat-02-ablf-t.php
http://doi.org/10.3390/ijerph17051593
http://doi.org/10.1186/s12889-019-7695-z
http://doi.org/10.20960/nh.1057
http://doi.org/10.2196/21279
http://doi.org/10.21668/health.risk/2019.3.18.eng
http://doi.org/10.3390/nu9060592
http://www.ncbi.nlm.nih.gov/pubmed/28604591
http://doi.org/10.4085/1062-6050-51.2.09
http://doi.org/10.30476/jamp.2020.86857.1272
http://www.ncbi.nlm.nih.gov/pubmed/33178844
http://doi.org/10.14744/nci.2017.42103
http://doi.org/10.4314/ahs.v15i1.18
http://doi.org/10.1620/tjem.249.143
http://doi.org/10.1017/ipm.2019.27
http://www.ncbi.nlm.nih.gov/pubmed/31317845
http://doi.org/10.1097/JOM.0000000000001591
http://doi.org/10.1590/0034-7167-2018-0953
http://doi.org/10.1038/s41598-020-80559-9
http://doi.org/10.2459/JCM.0b013e328364100b
http://doi.org/10.4085/1062-6050-148-18


Nutrients 2021, 13, 2116 22 of 22

92. Miller, G.D.; Beharry, A.; Teramoto, M.; Lai, A.; Willick, S.E.; Eichner, D. Hematological changes following an Ironman triathlon:
An antidoping perspective. Drug Test. Anal. 2019, 11, 1747–1754. [CrossRef]

93. Miller, G.D.; Teramoto, M.; Smeal, S.J.; Cushman, D.; Eichner, D. Assessing serum albumin concentration following exercise-
induced fluid shifts in the context of the athlete biological passport. Drug Test. Anal. 2019, 11, 782–791. [CrossRef]

94. Nielsen, F.H. Dietary Magnesium and Chronic Disease. Adv. Chronic Kidney Dis. 2018, 25, 230–235. [CrossRef]
95. Nielsen, F.H. Magnesium deficiency and increased inflammation: Current perspectives. J. Inflamm. Res. 2018, 11, 25–34. [CrossRef]
96. Kim, L.B. The impact of the period of exposure to severe Arctic climate on the oxygen transport function in northerners of

different ages. Arct. North 2014, 17, 150–162.
97. Morris, G.; Stubbs, B.; Köhler, C.A.; Walder, K.; Slyepchenko, A.; Berk, M.; Carvalho, A.F. The putative role of oxidative stress and

inflammation in the pathophysiology of sleep dysfunction across neuropsychiatric disorders: Focus on chronic fatigue syndrome,
bipolar disorder and multiple sclerosis. Sleep Med. Rev. 2018, 41, 255–265. [CrossRef]

98. Galmés, S.; Serra, F.; Palou, A. Current State of Evidence: Influence of Nutritional and Nutrigenetic Factors on Immunity in the
COVID-19 Pandemic Framework. Nutrients 2020, 12, 2738. [CrossRef]

99. Jovic, T.H.; Ali, S.R.; Ibrahim, N.; Jessop, Z.M.; Tarassoli, S.P.; Dobbs, T.D.; Holford, P.; Thornton, C.A.; Whitaker, I.S. Could
Vitamins Help in the Fight Against COVID-19? Nutrients 2020, 12, 2550. [CrossRef]

100. Zabetakis, I.; Lordan, R.; Norton, C.; Tsoupras, A. COVID-19: The Inflammation Link and the Role of Nutrition in Potential
Mitigation. Nutrients 2020, 12, 1466. [CrossRef]

http://doi.org/10.1002/dta.2724
http://doi.org/10.1002/dta.2571
http://doi.org/10.1053/j.ackd.2017.11.005
http://doi.org/10.2147/JIR.S136742
http://doi.org/10.1016/j.smrv.2018.03.007
http://doi.org/10.3390/nu12092738
http://doi.org/10.3390/nu12092550
http://doi.org/10.3390/nu12051466

	Introduction 
	Materials and Methods 
	Preparation of the Functional Food Product 
	The Composition of the Functional Product 
	The Selection of Groups of Students and Methods of Blood Sample Analysis 

	Results 
	Analysis of the Micronutrient Content in the Functional Product 
	Analysis of Blood Samples 
	Morbidity Pattern Analysis 

	Discussion 
	Conclusions 
	References

